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THE STUDY ON RELATIONSHIP OF DURATION OF BLOOD
STORAGE AND FALSE-POSITIVE OF ZINC LEVEL IN PLASMA
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Abstract

The aim of this research was to study the optimum duration of blood storage
while waiting for analysis without resulting in false-positive value. The technique used
to measure zinc in plasma was Atomic Absorption Spectroscopy (AAS), which is used
to analyze heavy metal with small quantities. The results of the research were found
that the optimum duration to store plasma was 1-3 days when the result of the
analysis was in the reference range as a biomarker for the assessment of zinc exposure
risk at 551-925 ug/L and there was no hemolysis occurrence. For the 5 to 7 days of
storage duration, it was found that there was partial hemolysis and the analysis result
was higher even it was still in the reference range of Biomarker. This can be verified
that the tendency of zinc level in blood is higher when the storage duration is
increased, and it also causes more hemolysis occurrence. It also influences the result
of zinc analysis in plasma to be false-positive.
Keywords: Biomarkers, False positive, Zinc in plasma, Atomic absorption spectroscopy

(AAS)
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wnludlaane desamefidingadllfismelddmaionisadayivlavessisnedumane
HNsadsaNIansavIRLazimiadniay (Paul AA., 2013)
wAlAN13nT33TAT e seAvvesdansdludendunatauleldinaia Atomic
Absorption Spectroscopy (AAS) (Yale New Haven Medical Center, 1964) Jumedadild
Aasevislanegvidn endendnnisganduia Fadutinruemeduanizvessigiuly
anmzufia Fssrqudazvidedsyiundsnuiunnineiudainsgandundsnuiididnnseu
uangn (Valence electron) uansnsiu Tned s sunusonisinsgsidangdluidendau

Wangu (Zinc in plasma) AeAuldutuYesdnatduIfiinannIsuANTaLdnE onwLag
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sedinsziadensililivdesiiaudentinsudsiuduiinowiluduendruneadon

aedlsfmudiefimsunnvendadenuniansiunesdlilnadufieonunaindaden
unsdssumuufisenisTalaevinlidadldgetunioanas annsovhliunmgidadelsauas
iinssnwgUaeiananals (Kenneth D., 2002; J Nutr J., 2017 & David W. K., 2017) lag
seiumnududuresdanmsumnveadadonuasdaisemuenundududondosivinngil
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HadeiviilinnsmsaiasindensdludengsUasuiiiemanzfimnzatlunsnsaingn
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(a1 n333n3, 2557) Tagyinsmadeuiudl 13 5 uazduil 7 Mun1sMUANANAINATS
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wiAtlA Atomic Absorption Spectroscopy (David W. K., 2017).  @135AIUANAMAINYBITIA)
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3. NAN5IY
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1 118 22 U.as 123/89 Talleivuan
2 AN 32 Uaa 120/76 AL
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4 118 24 Ua 139/90 41du

5 Y 31 U 135/85 qﬂ%u

6 NP 25 U.as 119/80 F1919u09
7 M8 25 U3 120/82 LGNy
8 W 24 U3 120/85 LGNy
9 NP 26 U.as 126/84 linszwy
10 Gatd 23 U.ois 133/87 NN

11 NP 27 Uas 120/78 AN
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14 NP 38 U3 131/87 F1919u09
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16 NP 28 U.as 130/91 F1919u09
17 NP 24 U3 131/84 16
18 Y18 30 U 134/81 41du
19 NP 29 U.a3 128/82 NN
20 W 29 U3 130/80 NILNTINY

M9 2 LAAINANITNAGIUNAIANUIA 1ULAST 83 Atomic Absorption
Spectrophotometer luinayny Tagulanaiasnainvasaiatzidentaly Test tube WrluiAv
Shwigaumnd 2-8 samgadea Tudui 1 3 5 uagiun 7 Fanudnluduil 1 Mihnsveaey

Ardsngdlunarauniifneguseann 672.22 - 693.11 ug/L uag levinmegeuadengdly

wanaunluiudl 3 5 wag 7 Snass Fenuindleneglutag 716.32-752.21ug/L , 801.77-815.62
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ug/L uag 901.51-932.4dug/L muddu Feduduldindiosuausuiiumnniulddsmalen
Fonvaluwanaundanfindu TnoAedsvesiudl 1, 3, 5 uaziuil 7 10U 685.02 ug/L
731.58ug/L , 807.22ug/L wax 915.05 ug/L muarfudaduaifiseusuls Lﬁlaﬂﬁ]’]ﬂ@&ﬂuﬁﬁﬂ
AB19B e iE TannaTann (Biomarkers) dwsunisussifiunnudesesmsduladany e
551-925 ug/L (Aubrey & Richard, 2019)

AT 2WBNITNAFDUNAENIPIBLATOIAtomic Absorption Spectrophotometer Tutwe

918 TuTUN 1 3 5 wagiu 7

1 Zinc in Plasma (ug/L )
b Fuii 1 Fuil 3 il 5 Fuii 7
1 683.24 733.25 811.21 902.58
2 690.14 752.21 801.77 932.44
3 693.11 732.21 803.02 914.66
4 672.22 716.32 806.44 901.51
5 682.22 723.25 805.25 915.71
6 689.21 732.25 815.62 923.22
Aade 685.02 731.58 807.22 915.02

RS9 3 WARINANISVAABUNANANIA 38LA5 83 Atomic Absorption
Spectrophotorneter lumemdedaedouludierfusiumsed 2 Fanuilutuil 1 fvinas
negeuUAIdIngdlunalaniiifiog Usennn 661.02-689.24 ug/L uazlavinn1snaaouan
Fangdlumanaurluiuil 3 5 uay 7 snasa Gﬁﬂwudwﬁmaaﬂuﬂf’m 713.22-737.45 ug/L ,
803.54-819.25 ug/L way 902.44-917.55 ug/L @ua1RAU uennthuiievhnsmAadee
Fanealunandunivihnsnaaeulumandgate 14 au luud 1, 3, 5 warTuil 7 nuindandu
682.20 ug/L , 726.98 ug/L , 811.57 ug/L uay 911.24 ug/L MUY Jaaunsadusule

WedrwwiuiiuinnIuladanaliadensdlunanaundaiiuay
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A3199 3 NANITVAFDUNAIEUINIBLATDIAtomic Absorption Spectrophotometer Tt

nege Twiui 1 3 5 uagtun 7

4 Zinc in Plasma (ug/L )
b Fuii 1 fut 3 fuit 5 Fuit 7
1 681.21 73241 815.21 912.02
2 680.12 727.24 817.12 911.17
3 689.24 714.25 811.36 915.63
4 682.21 737.45 811.25 911.11
5 661.02 713.22 815.25 912.55
6 685.54 725.14 814.21 906.25
7 688.22 725.33 803.54 917.55
8 680.01 726.14 819.25 912.25
9 687.12 724.25 809.35 912.22
10 687.22 719.36 811.57 902.44
11 681.24 732.21 805.25 907.52
12 682.14 721.22 812.15 912.22
13 681.01 726.21 805.25 913.21
14 684.44 725.35 811.28 911.24
ﬂ"]LQE.EJ 682.20 724.98 811.57 911.24

[y

AT 3 UAAIANUFNRUSIENINTTUNYINTIRTs1081e (Days) Fedageiuniu 4

'
a =

LY A o oA LY d' K = = I
TU ARIUN 1 3 5 uae 7 ﬂ‘UNa‘lflW@ﬁ@UﬂﬂﬁﬂﬂgaiuwaWﬁN’]‘NLLEJﬂBBﬂLUuGUWEJLLaS‘ViQJIQ &

dunaladnfeduiniuivegeunniuladaalviednedlunaauniag@u uonanuuds

a a1

wuihendngalunaraunluneeuasimanddirilndifostuinn Feanansaduduldinlid
mnuuanAiuluSeanaiooglunsiinneieidsngdlunatauusogislsAmundunuin
anuhsfuresadnsdlunanaunlugissniimdosusasiiunnntudeldsseznandiu
Fu warnuinauinstuvesAidnsdlunatauluiuil 1 AU 3 Usvana 44.67 ug/L Hhag
duduiuil 3 fu 5 apvilviandangdlunanauniliUszanm 81.11 ug/L waganynodinya

TumanaundieUszanas 103.73 ug/L Tuwiudl 5 fu 7
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700F % ]
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AN 3 ANUFURUTTEMINTTUNINNITIATIZAA DL 1AL ANFINE A lUNA AL

AT 4 wananaves Test tube Aithluddiiulnesnuseivgamgisening 2-8
psrmnaldoa 1Junan 13 5 wag 7 Susmwadiu nuindenatdwly 1 -3 $u Fvemanan
TiwWaesuutas (Normal) usegnslsfmundunuinia Partial hemolysis wiewiamuly 5-7
u neflaudusitus fumiialdannsiSeuiisuasnaddusui 2 Genunsaduduldingle

WHANISHaNFvasdindenunTuladealredinsdludon iyt uniy

— T Yo T PEEY W TR

¢ \ 1
i y A |
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Normal

Patial Hemolysis Patial Hemolysis

AW 4 Waves Test tubelufuil 13 5 uay 7
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Abstract

This paper aims to study fuel usage of a refrigerated container pickup: a case
study of Tatong Nakornsawan Company Ltd. in Pak Nam Pho District, Nakhonsawan
Province. The purposes are to analyze fuel consumption and to study the factors of
behaviors of the refrigerated container pickup driver. The researchers designed the
questionnaire and interviewed the refrigerated container pickup driver by using the
questionnaire and classified the factors of driver behaviors that affect the fuel
consumption into 3 factors: 1) the factors caused by driver 2) the factors caused by
vehicle and 3) the factors caused by environment. The results of the study showed
that the mean of fuel consumption is 0.40 liters per kilometer or 1,383.94 liters per
month, so the cost on fuel was 31,263.53 baht per month. The mean of the factors
caused by environment was the highest. That of the factors by driver was medium,
and that of the factors by vehicle was the lowest.

Keyword: Fuel consumption, Refrigerated container pickup, Cold chain logistics
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Abstract

This research shows how to find suitable retail store locations in order to be a
case study for those interested in. The customer data related to profits, such as the
frequency of using services of each customer, the amount of money that customers
spend each time to use the service, and the customer's addresses, were used as
calculation factors. The interesting areas were defined with aerial images, and the
locations of customer groups with desired radius covering the main group of customers
were specified. The suitable retail store locations were searched by applying the local
search algorithm.

Keywords: Location, Retail stores, Location search
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Abstract

Road transport dominates inland freight movement in Thailand, being
responsible for almost 90% of all domestic freight tonnage. Despite that, the transport
cost of freight shipped by truck is more than two times higher than that shipped by
rail (i.e., 2.12 and 0.95 Baht/ton-kilometer, respectively). Apparently, improving multi-
modal and infrastructure network, while encouraging the greater usage of rail transport
in carrying freight especially in the major cities and border areas, could bring down the
national-level logistical cost drastically and potentially provide the competitive
advantage over the neighboring countries. To gain a greater insight into the effects of
various factors influencing freight rail demand in border regions, this paper presents a
model capturing the intercity freicht mode choice behaviors in Chiang Rai province.
The model is developed based on the stated preference data collected from 415
Chiang Rai freight operators, traders and shippers. The analysis result found that, among
numerous potential factors examined, on-vehicle travel time, shipping cost, and
punctuality are statistically the determinants of the mode choice. Moreover,
differences in inter-city mode choice behaviors amongst categories of freight agents
can be empirically revealed. While 21.17% of domestic freight operators/traders tend
to deliver their commodities using double-track rail, international freight
operators/traders based in three major border districts in Chiang Rai: Mae Sai, Chiang
Khong, and Chiang Saen, are likely to use double-track rail, 22.60%, 30.96% and
34.19%, respectively.
Keywords: Double track rail, Chiang Rai province, Freight mode choice, Cross border

freight transport
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AAANETAUNIAY WADSTEENN 246 Alawns dslunisandunisaneiluads dunuin
Tassnseasremasalriansifinansuunulunisamuaglunasis

Y w.a. 2537 n1ssalas 1641905807 US N nsAneamuniunaums sauna
As@nwILAY (Feasibility study update) wazlienaveuunnisinelmiinduludiuiias
Aoioudunisluss auu.an uazIunould Tnouuadunamueuds-wns-ao9-919-neLen-
W18 NANSANIATUANUMNIZANYRIATINTHATI LU IADAAR BT UNANTTAN Y
Wadle O e 2528

Y e, 2539-2541 mssaln Wasusemiiv3nwvinisdrsseenwuusisazidoania
solavafien Sudeiun1sfinyInansEnuAawInd oum UL A NI zal 591
Srurnnaute-WWeessietdusyeenie 246 Alalms 91N5189IUNNTIATIERRANTENU
Andonvedlasensldimsasunanuadumeunsdisiuiuiiguid 1 e

Y w.a. 25662547 n1ssalny 19s1auseniivsnwvinsAnemunuannumuizay
NINUMUNANITANYIAILMNNZEY (Feasibility study update) 983n1sneasanissalnmig
e aeude-deese snads ndeuvhnnsAnwinnumnsauveinisievenend euloeiu
Uszimaduneuld Fenan1sfnwiasuin uuamedildviinisdisaeenuuud we. 2541 138
Huduynaiifianumsnzandign

Y .. 2554-2555 nssabi leaneusemiivinevinisfineiuazesniuusisaziden
Lﬁam%sJaJmsdaa%’NwmaleNﬁjmsJL@M%&J—L%ﬁﬂa—ﬁﬂmq flsvpevng ey 323.100
Alawns Tneruiui 4 S¥a 18ud ung 81uUne newn Weese suvisdy 26 @andl szuuss
solluuuuniag (Double track) u1A Meter Gauge (1,000) mm. AIML5IgIEA 160 N3t/

210, I9ELUIAUNILATINISHARIAININT 1
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2. In9UszaIAvYaINUIY

Nl ”afj?miaLﬁumiﬁﬂmﬂﬁauazﬁmmmei’waaamil,ﬁaﬂgﬂLLuumisuua'aﬁuﬁ']
dioTiemeinginssuvesiusznaunisfunsvudeiudiidlulagssinassmauinaiud
Findeese saudsnanziuniadeonsluuunsvudedudniefinsilaliunisidums
salaimisgans (wude-Teene) Tnsidosiuiinnmumunnaauaznisinueaduldly

299bASINNSABAT NI INABLAUTB-LT89518-LTe9UB

3. nqufitnedas
3.1 NufeITeeiuLuUIaRINTSRNTUL IS N IVILY
wuuasInsidenjuiuueiuninug (Mode choice model) lunuuinasanildlu

N1SANYINGANTTUNMSIFONFULUUNMSIAIUNIS Yasdiaune lneddadevanildusenaunis

NIaFINswaluladgnamnIsuLay NI ININENaYT v iyAaIns

~

Ui 2 atuit 3 w2563



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 33

v a

sadulasialy laun Armnu$inazsseznislunisiiunie arldsrelunisdunie Ay
dzmanauis sauufisrlunisidums Wudu
3.2 mssndulaldendaaen
Domencich and McFadden (1975) naninsiaszsinginssulunisidendaden

71199 VDIUAAZUAAR FEABINTIVAIANUFUNUSTENIIREaNTRT0IFINGRN waranuMEYay
Ao a = - o S VIR 2 Y] v = a =
Adnduladendesndadomaiiinnuduiusdsiunasiu wasiauiededuns
andulanisiden endiegiadu neunidusznaunisagandulaiiensuuuulunisvuds wiaey
f1sumsasuddumvsely asazddluiilug Welns wazavidonvudedusmesuuuy
I nsdndulaiienmadenlaquasidazyana wiaIsuNAINAIGenTlvAessauseleyl
v A v A = u A a Y a = | Yo a a
voaddenladudennilainnindiiendy q aeaun1si (1) Januinddndulanun n ag
a = A, A a. ¢ oA A
farsannadend i Weilressauselovdainnniniudend j
uin >ujn ’ VJ ECn (1)
lned
C,= NAuUNIuGeN
Al | o w & v & . Yo oA
WawnuArauduiusvetaunis(2) asluaunis(l) aglddn maden i aglasuiden
! A . d‘
WINNIMNGLERN J Lile
Vip =Vj, > &, — &), » V] EC, (2)
N3IATIEnNgAnssunsidenldsuuuunsiundeg asfiansanainainuiazdy

(Probability) filden (n) AgiFeNAUNIMIEIULUL | INNGUNNALGENGTL

P.(i) =Prob(v,, —v;, > &, —&;,,Vj€C))
=Prob(s;,, —¢;, <V;, —=V;,,Vj€C,) (3)
el

P.(i) = anwuunzdungldusmsazidenniaden i
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ngufossavsslovifedu (Random utility theory) AaaguuausfigiuAsafunisnszais
voefuUsfildaunsatals (méin) (Yudaseratu (Independently) waxn15n5a18v836
wsannsafvualiidusuuuutndvieguuuudugls 1wy wuudrasddnde (Probit) e
wUsdin1snszaresawuuUnd@ (Normal distribution) wazwuusiaeslada (Logit) ilefuusd

[y

A15NSANYAUUNULE (Gumbel distribution) d@1usulua e uINDeLauNRLAR LU
nfin fin1snsranedikuuiuiua uilvsliuuaunisiieden1siiaed lagadangadaiu
N15NILAYAWVVUNR DNNINAANSALATALNA A8 Y d1usunisAnwinsad lowaanly

wuudasdladn (Logit model) eaansamuamuaiuuiavilu fsdl

Vi

: e'r
P ()= (@)
jecn
lneh
v, = A1 Utility Y0amnaien | vagiiiuniaaui n
C, = UIUVDINILADNIINNA
- a a A4 a N @ v
i = MAFeNT j (Saussn , wesesdu , 158 Wumu)

-0

=

=
Il

auvziluresidenvudsdudddiud n den

SULUUNSAUNIA |

wuus1a09ladn (Logit model) 9zUsznauludasaunisessadsslogivamindani
firnsan Tunsdififivadenitodu 2 maden Wy nadengUuuunsifunaseninensus
dauqﬂﬂaﬁ’malv\lﬁ]zL%ﬂmwmﬁaaqﬂszmwﬁdﬂ Binary logit model (BNL) d@unuusnassiidl
FALaonlUAISIAUNIILINATT 2 NN9LEDA 2LT8NILUUTIa Multinomial logit model

(MNL)

4. F[WANUUNUINY
4.1 nsd1sateya
Hensher et al. (2005) Na@1MAINITAIUIUMTUIAFIBEFURUUIY Tun1swaun
wuudiassmsidenszduyana (Discrete choice model) Insuuadegatiosiigaiiaiunsa
gansula anansamulnlaanszauaNuLtiugvesn1sUssanuatnNtnaily Richards &

Ben-Akiva (1983) N@13319UMH28879 200 — 500 #2081 1R eaneson15d1 U AsI8%
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WUUY1a99 Disaggregate UAAIDE1SUUIALAN 50-70 Adrursalinadamunaunald laglu
n1sAnwlavinisiivd1sradeyadiuindaegie 451 498819 Faunnitten vuatunid

WNEINB UM TWAILUILUUTIADY TILAALAIDE199LADINDUAININTIIAY 9 @n1UNISl d1UTU

[ ] ¥

nauiegausznaulumg fuszneun1snandudi gUsznaun1suuddun gands fauan

Uinaudmindeesselasniannuniuas Adanuneiasiuduaidinineiedlglnii

€ a ¥

souUA 1ARIINIUHargUnIal auraulnauslae suudsdumesndAyresiminidessg 19

wiu 91 s Tneneunisdrsranginssunisidengusuunisvudsdudilanniunisdanses

a0

nauegeigwlunsindulaguuuugumvuglunisvudsduaimiuu

o

nsdnwildldimatianisdisiadeya Stated preference (SP) Fallunisasrsaniunisel
Qd? d' = a = v o‘d' M v &, [ Ly} d; a o dy
aunATuieAnwingdnssunisidennieldaniuniseiililiiduegludagdu delusuidel
loun mMsalvuimsidunssalivmnegany (ude-dese lnedsauuigiuimnnluewiand
nsinsUsuuNsudduAgULuUlnd Ao salunedansinute-10eesne-10usve -\ uiau
al 5 v a v % = Ya o I~ 1 5 %
aﬂmmumsﬂsuﬂqqLaumqia"LWawmuﬂwuaﬂwm:ﬁmumq@maammmumq
4.2 NNSUTTUIUAINISIHLADTLUUIIAD
MsAnedlevinnsussuaaduUssansvesinusluilanduassauselawinieis
Maximum likelihood (ML) 1JuiSnneanmnldiuaegaunsvians (Ben-Akiva & Lerman, 1993)
4.3 ANTNAZDUNNADAVDILUUINAD
¢ v o aa ° A ° vo X
AsAnwRLAYInNINA@aUNINEdRvILUUINaBLNaANumLnzanlunisilUTge e T
1. N1IATIVFBULAS BINU18VDIAINTSITLADS (Sign Test) LN 8RNTIVA@DUAIY
ONADILALLYLNTAUTYDUATOINAUNEVDIANNITIIN DT BIAADITANIMALANNITBVENAVRIR
WUSNLFADLUUINEDY TA8AIUINLAAIDIANUFUNUSTE NI UTAULU U a0 AU UTE
A159 AUANAULARIANUFUNUSWUUNNEY AIUASIUNEUBIATNIS NN InaLAaadinnu
AL AU

[ |

2. ANSASIEBUNYAIAIUDIAINITINLADS (T-statistics) bl OHSIVABUAILUTN

o

= a J [y

Hdanfisatunsaawuusiaes fanuddgviedsvsnaseuuuiiaewidel fisedu
HedAgy 0.05 laglunisvaaauluy Two-Tailed t-Test Lﬁ'amé’myiaﬁ%qmaﬁﬁ t filddaad
AININIDNIAY 1.96

3. N1TATINFOUANUMUIZAUVDILUUINADY (Determining model fit ) A1 o

(Likelihood ratio index) A8 ANUATNITOVDILUUIIABILUNITES UNEAINULUSUTIY

(% . 1 2 1 | I =2 1 i
(Variation) ¥84/31U5A4 (Dependent variable) A1 " AzilA18g5¢1319 0 019 1 lagAnd
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gousulaalsaziiauinnin 0.2 JulY (Train, 2002) LazAILINNIT 0.3 193N0ANULAUL AL

(Hensher et al., 2005)

5. NAN1599¢

5.1 Mynsentadenidnsnasdenisiienguhuun1svuaadun

v daa 1

Nufnwillddsiatadenidnsaenisdenjuuuunisvudsdunainnisiivteya

% v < A v

W1909duA JUsEnaun1suudIduan fade fAaanusnaiundmiadessuas

U

nyannumuas wud Jadeninasensidenguiuunisvudsduigeiian fie Jadesuaiy
assionan Andudndiuiosas 21.82 sesawnliuntadesiuanldineuarszeziailunis
Wun lnelidadiuvindueg 18.18 Fes1gasiduananisdsiadadeninalunisiden

FURUUNTVUAREUAILARIFININT 2

e - -
uamsdrsedadoniiualunisiie nzuuuuntsrudedum

0.91% —
2.73%

1.82% 3.64%

m Aldswlumsnudedud

B szezua lumsyudefiuan

B nsguwisuard1Ineesdua

B ATHATIABLIAY

W nvudwiud

B TiuA

m armilumsdadadudy

W vuavasdus
dwinuaeu

m a1guosRudn

a ° v aa a | a v
AINN 2 Namsms’m{]ﬁ]%wuwﬂumﬂaaﬂgﬂLLUUﬂWﬂJumaum

wamsﬁwmLLUU{]’waaqmiLﬁaﬂgULLUUm'isuuda?luﬁﬁswmﬂizmmﬁL’Jmﬁuﬁ%’mi’@
Fesse gAnwladuunnisimuiuudiassdoseondu 3 sUsuu auuinugariudiLes
poNvesALAsEIiaUsIme esmnluusasiiufiidnuuenionn sULUUNSTUAS Ussiny
Audn uazthminvesdudnfiunndrstu Ssoradmaiinisdnduladensuuuuuninugly
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dadaunsaensliwu s

1 =2 v 1
Tumsvuaaaumazihadszma

[ Double Track Rail

B Truck

A 3 HaNTIATIERdRdIUNTIEeNFULIUNSVUAREUATSENINIUTEIA

5.2 wuudanamadenguuuumsrudsduimelussmauinafuitomindese
1. Aduuszdvsuaraatnvosuuudasdlasfiansaniaionunevesanduuszans
WUITIANAGNABY ANLMA ANNA NTATIVABUANLMANZALYBILUUTIABIINA T LT
Winfiu 0.53 MInsiaaeuAugnaedlaesinlunisyiiung (%corect) wuininugnaeslu

AN5YNU8588aY 67.31 IAgAdUUTEANTLARIAIAITIN 2

M19197 2 HaN1sUTEINAARUUTIaeeNIienFUkuUMsTUdEuAMsluU T AUTIN

(% '
a o

NUNTIIATEITIBWUU Generic

FanUs EULwimzwum Coefficient t- Ratio
dUAN
ASC Truck IAUTINN 3.894 13.091
ASC_Rail saln 3.269 10.191
RELIBILITY ynfaden 0.043 16.484
TIME ynAEen -0.246 16.170
COST ynAEen -0.005 20.763
Number of observations 2,943
Log likelihood no coefficients -1509.880
Log likelihood final -3233.216
Rho - Squared 0.533
Adjusted Rho-Squared 0.532
% Correct predictions 67.31%
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2. ArdulsgansuavAatAvesiuuIaedlag T ILATeMINgReANENUTEAND
WUITAIINGNADY AUMA FUND N1TATIADUAIULMUIZANVBIUUIIABIIINA LA AN
Wiy 0.53 MsasiaaeumUgnaadagsiulun1sinuneg (%Correct) nuindaugnaasly

ANSYUI8588AY 67.55 LAgAIdUUSEANDLARIAIAISI9T 3

M13199 3 HaN1sUsSTINAUALUUTIaesnIidensUkuuMsTUdduAM s luU T AUTLIIN

¥ '
a o

NUNTINIAT9T18ILUY Alternative-specific

FinUs E‘LJLLU:mj’i‘Uum Coefficient t- Ratio
dun
ASC_Truck I0UTIN -1.135 0.161
ASC_Rail salu -3.099 0.439
RELIBILITY_Rail salvl 0.048 16.195
RELIBILITY Truck OUITYN 0.028 4.880
TIME_Rail salu -0.262 14.519
TIME_Truck IUIINN -0.215 10.239
COST Rail salu -0.004 11.177
COST Plane \3oediu -0.005 2.816
COST _Truck IAUTINN -0.005 17.064
Number of observations 2,943
Log likelihood no coefficients -1506.199
Log likelihood final -3233.216
Rho - Squared 0.534
Adjusted Rho-Squared 0.533
% Correct predictions 67.55%

Tayad1sransuudsdurinelulsemauiadmingesse wudl nsvudaduaily
Hagtuldsavsmnuaziedestu 1Juvdn mnluswaniinsiguuuunsyudsdudguuy
Tval fo selvivsganoiiude-Toene-dosves-Foauay Snitadainisusuladumasnly
aewnilelifidnuundunsguaoaiadums mnuansinynuigidsnadadulaluns
yuasduAUTudsungAnssuandentdsaliidueunnusfosay 21.17 ndesduievas

1.15 wazsaussyniewaz 77.68 Wnedrulngdudfvudwiusalnasdududussiandag
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nease duArgulanuilan wazduAinuasnssy Wy 91alne 91 Wiiulidy dnan d1le

vy & v
AU UIRa LUUAU

famaumsiaengluuueumnivz

Tumsvuasaummelunundaviadeane

1.15%]| ™

21.17%

[ Double Track Rail
B Truck

[ plane

AN 4 HamFIeTendndIunsidenUkuunsuddumaeluunTminleane

5.2 MTIATIERAIANUAULUITBIFILUS (Sensitivity Analysis)
nsAnsAMuuLUsveeiuUsTuLuusaeeiilaaun Ty ednseidadiunis
BFonsuuuumaiuniuazudsduiidsulvlunsfnunidlddnssifwansenures
ﬁunumwudqﬁuﬁmaxiwznmmﬂaumqﬁﬁuqﬁu Lﬁaqmﬂgmwumwuﬁﬂuﬁaf\;ﬁu
Fosdundoulagorfeuiiudomandundn fuitudomadoduninensildudmunly
lianansnthnduanldlng wildlusuanaiaitdasavudsdudiasduuliudiugadu
Usznoaufuransznulll 8991 ssuUvLdsn1essvesussmalng Jeazihliiie
madendunisruddudfiuanniu Tnensinssiaaiunisalsassiinainaziinasenis
FengUuuumsvudsduuinuiuiifmingesme
1. 1195N158n9NTIANTEINUAAUAInETa NN
AMTAATIERNANTENUINNATUININTNITANDNTIASEIUEEUALassalHnIg
AasTeLay 15 uaziavar 30 Wul1 NsvuddumMIEnINUsEmauSaenaudlaeldnd
muﬁaamlﬂmq@ﬁuﬁumﬂLﬁm%f%m 22.60 WWusesay 28.40 uarsovay 32.95 AUa6U
Tuduuinusunadsauauiidadiunindensuuvunisvudsdudlassalinagiiinduain
Soway 30.96 \Uusesay 39.70 warsoay 46.27 MUAIAU WarUSLIMELNeLTvasildnadIu
nadengunuunsvudsdudlnesolwnsgiiutuaniosas 34.19 \Hudesas 44.77 way

Spuay 52.50 MUAINU LAYSI18ATLDYALEAIAINITIN 4

NIaFINswaluladgnamnIsuLay NI ININENaYT v iyAaIns

U7 2 atufl 3 e, 2563



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 40

M13199 4 dadiumsidenuwuvgnunvuglunisvudadumseninasenadedinnsnisan

gn1A1sTIvUdsduminesaliniag

INTNTANTATIANTEIN SOUTIVN salnsg
yudduAlagsalnmg (Sowaz) (Sowaz)
NANISETIMUY SP 77.40 22.60
SUNOLIAY nTIAIUUANEUAIANAY 15 % 71.60 28.40
SRTIAIUUENAUAIANAY 30 % 67.05 32.95
NANITE1TIAUUY SP 69.04 30.96
SUNDTEAUAY | RTIANVUAIEUAIANAY 15 % 60.30 39.70
SnTIAIUUENEUAIANAY 30 % 53.73 46.27
NANISANTILUY SP 65.81 34.19
SUNOTEDY | DRTIAVUAEUAIANAY 15 % 55.23 44.77
SRTIAIUUENAUAIANAY 30 % 47.46 52.54

dmsunsvudeduanelulssmauinadmingeese Welin15duninsandns
Arsrinavudadualagsaliviegd wudt dadwunisidenldsaliniseiinuanifuiesas

21.17 Wudesay 28.76 warsouas 34.93 Aud1aU LA8SIUAZLDUALEAIRINITIN 5

M13199 5 dadiumsidensuwuugnumivuglunisvudsdumaiglulssmausnudmin

Weesne eilinsnisandnsiAsyinvudsdudnlagsalinieg

ININNTARTNTIANTEIN JAUTINA saluvnag wpesdu

yudduAlagsalumg (Feuaz) (Sowaz) (Sowaz)
NANISETIUY SP 77.68 21.17 1.15
BNTIAVUAEUAANAS 15 % 70.20 28.76 1.04
BNTIAVUAEUAANAL 30 % 64.11 34.93 0.95

2. AT IAATEELANAUNUFUA ATl
NMFIATIEVHANTENUIINNTUINIRNINITARSEUZLIR AU VLA EUAlagsal
N9AARINIAIUNG 2 way 4 F3lNe Auday wudl MsvudIduA1TEninalsenausau

guneudaeidndiunisidensalninnadinduainiuiosas 22.60 WWuseway 36.29 uavsey
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ag 44.30 Tudusnudunal@sauilidadiunisidensluuunisvudedudlagsalnnie

WNT Ui aay 30.96 [Wusosay 38.78 hazsesay 44.36 LarUsSIe LN 089Ul

dndrunisidengluuunisvuddudilagsalinegiuguaniuiesas 34.19 Wuieuay

49.06 WALSPYAY 59.24 MIUANU LAESIUALLDUALARIAINITIN 6

a Y a | a v ! A
19190 6 a@a’l‘Uﬂ'ﬁLaaﬂg‘ULLUUEJ']‘L!'W']‘Viugi‘lJﬂ'ﬁﬂJuaﬂa‘Uﬂ']ﬁg‘mﬁr]ﬂﬂigL‘Vlﬂ LUBHNININTT

anszEzaLAuMuuddumingsaliiniag

UINTNITANTLYLLIAUAUN JOUTINN salnyeg
yudduAlagsalnmieg (Fowaz) (Sowaz)
NAN13E1923UUU SP 77.40 22.60
SunuLEY STHZANAUNENAY 2 Flu 63.71 36.29
SzozaNAUNIsanas 4 Flug 55.70 44.30
NAN13E1973UUU SP 69.04 30.96
Sunalfeay | sveznaniunianas 2 99 61.22 38.78
SzozaNAUNIsanas 4 Flug 55.64 44.36
NAN13E1923UUU SP 65.81 34.19
Sunafewes | Szeznaniunisanas 2 9alug 50.94 49.06
STHZANAUNENAY & Flus 40.76 59.24

Ansunsvudsdun1n1elulssnaus NI I Al 89518 L aln15UININTNNTan

srgganvudsdudlagsalinieg wud dadrunisidentdsalineaiiuduainiusosas

21.17 Wudesay 30.54 warsouas 54.10 ANUAINU LA8TIUALDALARISINITINN 7

M13199 7 dadiumaidensuuuugnumivuglunisvudsduiaiglulssmausnudmin

Weese Leilunnsn1sandnnAnsyinvudsdudlagsalnniee

UINTNITANTLYLLIAUAUN JOUTINN salnveg S0l

yudduAlagsalnmg (Feuaz) (Sowaz) (Sowaz)
NAN13E1523UUU SP 77.68 21.17 1.15
szoznalunsiusanas 2 il 68.45 30.54 1.02
szpzaTunsAuIsanas 4 alug 45.23 54.10 0.67
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5. dunauazn1saauTena
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Fee91e Faiauntuainnguiiegesiuauidu 451 deghs Taengudeensuseneulude
AUsENaUNIIHARdUAT AUTENBUNSYUEIdNA fAde fA1anusudminlesuas

Y
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Abstract

This research aimed to 1) explore core competency and functional competency
of the personnel working in ceramics industry establishments, 2) compare the
differences between the two competencies and the expectation of entrepreneurs in
ceramic industry, and 3) suggest the appropriate personnel development guidelines
according to the competencies of the personnel working in ceramics industry
establishments. The samples, 80 people in total, selected by purposive sampling,
consisted of 10 ceramics experts, 30 entrepreneurs in ceramic industry, and 50
personnel. The instrument used in this research was brainstorming technique by using
focus group discussion. The competencies were analyzed by a test with 5-rating scale.
The statistics used in this research were percentage and mean. The findings of the
research were as follow:

1.The highest level of core competency was at hard-working and diligence (X
= 3.84), and that of the functional competency was at production competency which
are the skills of printing, molding, handicraft, drawing, decorating, and forming (X =
3.42).

2. The differences between the two competencies and the expectations of the
entrepreneurs showed that the core competency which was at the lowest or below
the expectations of the entrepreneurs was skills and hand-on experiences (-1.09).
According to functional competency, the lowest was at production processes which
included printing, molding, handicraft, drawing, decorating, and forming skills (-1.15).

3.The suggested appropriate personnel development guidelines according to
the competencies of the personnel working in ceramics industry establishments

consisted of 1) development on expertise, work experiences, and solving problems, 2)
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enhancement on discipline and responsibility, 3) development in production skills, 4)
development on management skills, and 5) development on science knowledge such
as the development of clay body, color, and glazing.

Keywords: Competency, Personnel development, Ceramic industry
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Abstract

This study, development of furniture from wood pallet, aims to develop furniture
from leftover wood pallet and to study the consumers’ satisfaction level towards the
furniture design after designing. This study was divided in to two parts. In Part 1, the
data of wood pallet were studied. By using furniture design principle, it was focused
mainly on safety. Wood pallet concepts are brainstormed and summarized, and then
the pattern was modified for furniture production. In Part 2, the level of satisfaction in
the furniture after development from the samples was studied. The results showed
that the level of most consumers was high (x =3.95, S.D.=0.31). The highest level was
on the safety while being seated (x =3.95, 5.D.=0.82), and the last aspect on the beauty
of the furniture, the level of satisfaction was high.

Keywords: Development, Furniture, Wood pallet
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Abstract

This research aims to study behavior and needs of garbage management
problems in the community. It is also to build up a collaborative network to improve
and develop the community. The researchers studied and collected information in
Samokhae Subdistrict Administrative Organization, Mueang, Phitsanulok province. The
samples of this study were 418 households gained by sampling. The collected data
were analyzed and processed by using Microsoft Excel, mean, percentage and standard
deviation. The instrument used in this study was a questionnaire.

Samokhae Subdistrict Administrative Organization have faced a difficulty of
collecting fee for garbage collection service from all households, and this causes
unbalanced statement which the income is not balanced with the expense, so the
organization has to pay for the difference. From the survey, it was found that most
people, 31.58%, wanted to have the organization staff collect the fee during 7:00 to
8:00 AM, and most of them, 90.67%, are interested in an annual payment if there is
any discount offered.

The results of studying satisfaction in staff servicing, equipment and vehicles,
supporting unit, and operation aspect were found that most of the people were
satisfied with the four aspects at medium level. From the four aspects, the mean and
standard deviations were 2.86 and 0.64, respectively. Therefore, the organization
should improve and develop these four services to meet the satisfaction of the people
especially on the aspect of staff and operation.

Keywords: Garbage, Samokhae subdistrict administrative organization, Behavior and

need of garbage management
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This paper presents a genetic algorithm (GA) for solving a cell formation problem
in virtual cellular manufacturing (VCM) environment which is appropriate for system
with various product types and flexible demand changes. Several manufacturing
factors are considered, such as machine capacity, inter-cell movement of parts,
number of cells and cell size restriction. The objectives of the problem are to maximize
number of machine hour, minimize number of shared machines and workers between
cells. A preliminary study of the algorithm is performed.

Keywords: Virtual cellular manufacturing system, Manufacturing cell, Genetic algorithm
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1. Introduction

The concept of Cellular Manufacturing System (CMS) has received great attention
among researchers in the past decade. Applying the notion of Group Technology on
the shop floor, several benefits of CMS have been realized such as reduced work-in-
process, shorter production lead-time, better worker collaboration, better material
handling and increased product quality. The basic notion of CMS is to group set of
machines and place them in close proximity in the same area called “cell” which
ideally can process set of jobs within these areas. Contrary to job shop manufacturing
environment, CMS is appropriate for manufacturing situation where product mix is
stable since, in this system, machines have been positioned to gain advantages of
particular product mix. Once the product mix has changed, the current cell
configuration can no longer provide such aforementioned benefits. Therefore, in the
environment with frequent product mix changes, CMS may not an effective concept.

In recent years, increasing global competitiveness has forced manufacturers to
react to customer demand more rapidly which results in shorter product life cycle and
frequent product mix changes. To cope with such environment, a relatively new
alternative was proposed by McLean et al. (McLean et al., 1982) namely Virtual Cellular
Manufacturing (VCM) systems. In VCM, machines are not physically repositioned into
cells, instead they are grouped logically under production planning and control
context. In other words, machines in a cell do not necessarily occupy a contiguous
area on the shop floor (Nomden, 2011). Apart from machine location issue, another
difference between VCM and CMS is the resource sharing concept. In traditional CMS,
parts should be processed entirely with a cell and movements of parts to other cells
are considered ineffectiveness. Because inter cell movement are not favored, the
duplication of resources is common in CMS which could lead to low utilization of
machines. However, in VCM, machines are allowed to be shared amongst more than
one cell. Hence the cost of machine duplication and low utilization of machine can
be greatly reduced by Ko & Egbelu (2003). As mentioned earlier, there are a great
number of works related to VCM in the literature. Nomden et al. (2006) provided an

excellent review on the subject and also proposed future research issues.
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Similar to CMS, one of the steps required for implementing VCM is cell
formation which assigns machines to their cells. Because of the machine sharing
concept, virtual cell formation problems are more complex than its CMS counterpart.
Ko & Egbelu (2003) proposed a cluster-based heuristic for designing virtual
manufacturing cell. The algorithm can be applied without the need to obtain the pre-
specified number of cells. (Nomden et al., 2006) developed a goal programming model
for a virtual cell formation problem which not only considering grouping and sharing
of machines but also those of labor. They also proposed a two stage approach
providing a feasible solution for the model.

The aim of this paper is to develop a genetic algorithm (GA) for a virtual cell
formation problem which is partly based on the model proposed by Nomden et al.
(2006). A preliminary study is then performed with experiment study to configure most
suitable GA parameters, such as mutation rate, crossover rate and population sizes.

The organization of this paper is as follows. In the next section, a goal
programming based model is presented. The implementing procedure for the
proposed GA for the model is then discussed. Three problems are then tested in the
preliminary study to evaluating the efficiency of GA. In the last section, finally, a

conclusion is followed.

2. Objective Function
2.1 Maximize number of machine hour

2.2 Minimize number of shared machines and workers between cells

3. Methodology
3.1 Problem Definition
The model for the problem was proposed by Nomden et al. (2006). The
objective of the problem is to maximize production hours for a particular planning
period while minimizing the number of machines and workers that are grouped to be
in more than one cell (excess machines and workers). Consider a set of job {I} that
need to be operated on the shop floor. Each job has particular routing information

which determines machines that are required to process the job. The time required
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for job | to be operated on machine m is denoted by t;,. Each job belongs to its
corresponding family f. The set of job belonging to family f is denoted by St. The setup
time required for a job in S¢ on machine m is Sg,,. The number of machine available
on the shop floor is given by B..To operate and setup machines, workers are needed.

Parameter @, specifies whether worker | can operate machine m. The notation of

parameters and decision variables are presented in Table 1.

Table 1. Notation

Indices:

i=jobi=1;2,...1

f=familyf=1,2;,3;...F

l=workerl=1;2;3;...L

m = machine type m = 1; 2; . . .M;

c =virtualcellc=1;2;,...C

Parameters:

Ji = set of jobs belonging to family f

Ol = effectiveness of cell c to schedule jobs of one family sequentially at a machine
(varies between 0 and 1); this factor depends on B and the size of cell ¢
Stm = Major setup time required for family f over machine type m

B..= number of type m machines available

tim= processing time for job i on machine type m

R = length of planning period

D=1 if worker Lis able to perform machine type m; =0 otherwise

M, N, My = weight factors

Q= large number

Variables:

W\ = 1 if worker lis assigned for cell ¢; = 0 otherwise

Xic = 1if job iis selected for cell ¢; = 0 otherwise

Yim = 1 if job iis selected for cell ¢ and needs machine of type m and worker (; = 0

otherwise
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Ziem = 1 if family f is processed in cell ¢, on machine of type m and worker |; = 0
otherwise

NN = Number of type m machines needed for cell ¢ (integer)

v /v, = number of additional/excess machines of type m which are needed overall
w; /w = number of additional/fewer cells (than 1) to which worker [ has to be assigned
Help variables:

O, = setup factor indicating the ineffectiveness to reduce the need for setups in cell
c (varies between 0 and 1)

LBtcm= the minimal (=lower bound) number of setups needed for jobs of family f, in
cell ¢, performed by worker | on machine m

UBfm = the maximal (=upper bound) number of setups needed for jobs of family f, in

cell ¢, performed by worker | on machine m

s IETT0a) - Tl T 2
Subject to:
D %, <1 Vi, 2)
>, <6, +v, -V, Vvm, (3)
N, <nn. Vvm,c, (4)
Dw, <1+w —w v, (5)
tnXe SQY Vi Vic,m, (6)
|

> Vi < QW Ve, 1 m, (7
D Vi Q24 Vi, LM, (8)
a4

ZZ{Ztim Ve + 3 (LB g + @, (UB gy = LB g IS ,m} <RV, ©)
i T

Z{Ztim Vi + 3 (LB + @, (UB gy = LB ))} <n, R ve,m (10)

| i f

LB =Zm  VF,C,0,m, (11a)
LB =D Yiem VF.ClLm, (11b)

iesf
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Wie s Xic s Yiern @Nd Z 4, are 0/1 variables Vf ,c,i,l,m, (12)
nN,cs LB s UB s Vs Vi, W, @nd w; integer VT, I, m,c, (13)
a.,is a real variable V. (14)

The objective of the model is to maximize production hours and minimizing
number of excess machines and workers (resources that are grouped to more than
one cell). Note that, in the objective function, each term is multiplied by its
corresponding weighting function. Constraints (2) assure that each can be assign to only
one cell. Constraints (3) concern the relationship between the number of machine of
each type on the shop floor and the number of excess machine. Similar to constraints
(3), the relation between the number of workers in cell is governed by constraints (4).
Constraints (5), (6) and (7) relate various binary decision variables which govern whether
particular job, machine and worker are assigned to a particular cell. Constraints (9),
(10), (11a) and (11b) ensure that the time required to perform assigned operations of
workers as well as machines is not more than the length of planning period. Finally
constraints (12), (13) and (14) define the solution domain.

3.2 Genetic Algorithm for Virtual Cell Formation Problem

GA is a part of evolutionary computing, which is rapidly growing in the area of
artificial intelligence (Al). To use GA, the solution must be represented as a genome (or
chromosome).

The GA then creates a population of solutions and applies genetic operators
such as mutation and crossover to evolve the solutions in order to find the best one.
The general outline of GA is summarized below:

Step 1. Generate random population with n chromosomes by using
symbolic representation scheme
Step 2. Create a new population by iterating loop highlighted in the
following steps until the new population is complete
(i) Select two parent chromosomes from a population
according to from step 2.
(i) With a preset crossover probability, crossover operation will perform

on the selected parents and to form new offsprings (children). If no crossover was
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performed, offsprings are the exact copy of parents. Here for virtual cellular problem,
three-point crossover is used which each part (machine, jobs, worker) in chromosome
matched one-point crossover is employed for problem

(iii) With a preset mutation probability, mutation will perform on new
offspring at each gene. Chosen genes are swapped to perform mutation process.

(iv) Place new offsprings in the new population.
Step 3. Use new generated population for a further run of the algorithm.
Step 4. Deliver the best solution in the current population. If the end condition is
satisfied, stop.
Step 5. Go to step 2.

The general of genetic algorithm based virtual cellular manufacturing tool

(Figure 1) consists of chromosome, fitness evaluation, roulette wheel selection and
genetic operations (crossover and mutation). This program including graphic user
interface and  graphical diagrams was coded many line in Visual Basic 2005

programming language.

Begin GA Operation/Parameter

* Population Size

Randomly Generate Initial population

J * Generation

Genetic operation « Reproduction

crossover » Crossover
-Crossover rate

mutation * Mutation
-Mutation rate

Generation

l

‘ Fitness evaluation ‘

o '

Roulette
wheel

End GA

Figure 1. A general framework for GA.
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1) Chromosome representation and initialization

In order to encode information of resources, each chromosome is divided into
three sections, namely machine, job and worker. For the machine section, the
positioning of a gene in the chromosome represents machine number and cell number
and each gene contains binary value, which would be 1 if the corresponding machine is
to be grouped to the corresponding cell, O otherwise. Whereas in the jobs section, the
position of a gene represents job number and the value of the gene defines the cell
number to which the job will be assigned. For the worker section, the position of a gene
describes worker number and cell number and the value of the gene is binary value
which determines the assisnment of the worker to the cell; 1 if the worker to be in the
cell, 0 otherwise.

An example of chromosome structure is presented in Figure 2. In this example,
we assume that the number of cells is two and there are four jobs. The number of
machines and workers are n. The first section of the chromosome is the machine section.
The first gene shows that machine 1 is assigned to cell 1 and the second gene indicates
that machine 1 is also to be grouped to cell 2 and so forth. In the job section, job 1, 2
,3 and 4 are appointed to cell 1, 2, 2 and 1 respectively. The last section shows that
worker 1 is neither assigned to cell 1 nor cell 2 and worker 2 is appointed to cell 1. As a
result, each individual chromosome is a vector composed of (M*C)+J+(W*C) members
as pictorially described in Figure 2 where the notation M denotes the number of
machines, J represents the number of jobs, W is the number of workers and C is the

number of cell.

L i | | |
LT Machines > Jobs - Workers |

Gee | 1| 1 0o |1 | . floa |2 2 2 1 0 0 (ORI

Tyée MIC1| MIC2 | M2C1 | M2C2 M..nC2 Ji J2 J3 J4 WICL | WIC2 | wacl e |W.nC2

Figure 2. An example of representation of individual chromosomes.

NIaFINswaluladgnamnIsuLay NI ININENaYT v iyAaIns
Ui 2 aduii 3 we. 2563



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 87

l<—— Machines —>f=——Jobs '—>}¢ Workers —

Parent 1: [ xlv, Xy, Xg Y11 Y2, Y31 Ya 21,25,25,24]
Parent 2: [ a,a,,a, b,,b,,b,,b, ¢,,C,,C5,C, |
Offspring 1: [ &, X5, X3 b,,b,,b,,y, C1,Cy,25,2, ]
Offspring 2: [ X1,@;,85 Yi: Y2, ¥a: by 7,2,,C5,C4 ]

Figure 3. The representation of crossover in GA for solving the VCM

The next step is to initialize the population which can be achieved by
randomly generating chromosome or apply heuristic methodology to create
chromosomes. In this work, the initial population is randomly generated.

2) Crossover and mutation operator

In this work, one point crossover is applied for each section of the
chromosome as shown in Figure 3. The crossing point is chosen randomly. The
crossover is carried out with the probability of crossover rate.

Mutation is aim to prevent premature convergence and explore new solution
space. Unlike crossover, the mutation operator alters one or more genes within a single
chromosome. The conventional exchange mutation operator is used here and the
mutation is performed base on mutation rate.

3) Fitness function
In this stage, objective function from Equation (1) is computed for each
chromosome and since our problem is a maximization problem, the objective function
value can naturally represent the fitness value of the chromosome which measures
the quality of the solution of the chromosome.
4) Roulette wheel selection

After each chromosome has been evaluated for its fitness function, GA selects
a number of chromosomes for the next generation. The roulette wheel [6] approach
was used for chromosome selection with a random number generator over the range
0-1. The probability of survival and the number of replicates of a chromosome in the
next generation are determined by its fitness value divided by the sum of fitness value
of all chromosome created. The GA process is then repeated until the termination

criteria are satisfied which is when the number of population is reached
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4. Results and Discussion

In this work, three problems (shown in Table 1) were established to test the
efficiency of the algorithm. The first (small) problem consists of 5 machines, 6 jobs, 3
workers and 3 cells. Whereas in the medium problem, the number of machines, jobs,
workers and cells are 10, 40, 6, 4 respectively. The third problem is relatively large. It
involves 30 machines, 40 jobs, 12 workers, 5 cells. For all the problem, we assume Ol¢
=0.1 (which indicate high effectiveness in reducing setup time in all cells) and 1, = 0.8
, M5, = 0.6 T = 0.4 (weight factors). The length of planning period is set to 1000,
10000, 20000 minutes for small, medium and large problems respectively. The detail

of the problems is shown in Table 2.

Table 2. Virtual cell formation test problems

Characteristics of virtual problem

Number Number

Size of Number Number Number
of of Type of Set up R
Problem of of of Ol
Problem Machine Family times (min.)
s Cells Jobs Workers
s s
1 Small 5 3 3 6 3 29 0.1 1000
2 Medium 10 4 a4 20 6 40 0.1 10000
3 Large 30 5 4 40 12 60 0.1 20000

An experimental study was then performed on the medium sized problem to
configure GA parameters, namely population size/the number of generations,
crossover rate and mutation rate. The results has shown that the best results
obtained from the setting of P/G and the probabilities of crossover (%C) and mutation
(%M) at 100/25, 0.1 and 0.5, respectively.

Table 3 indicates the performance of GA to solve small, medium and large
problems which the best parameter setting form previous experiment were used. This
table shows objective function value, means value, standard deviation and execution

time in each problem.
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Table 3. The results of GA with three problems.

Problem Objective function Standard
Means Values Time (second)
sizes value deviation
Small 102 82.6 11.80254 108
Medium 826 625.2 144.7988 161
Large 3943 3270.2 668.0069 745

5. Conclusion

This work proposes a GA approach for solving a complex virtual cell formation
problem. Apart from considering machine grouping under VCM environment, the
problem also includes labor grouping consideration. The goal programming model is
then used to describe the problem. The preliminary study of the algorithm is then
performed. Analysis of experiments indicates that the best parameter setting of GA
which are P/G and the probabilities of %C and %M at 100/25, 0.1 and 0.5, respectively.
Three problems are then tested and can achieve to the solution within acceptable

time.
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	1) Chromosome representation and initialization

